Objectives-Over the years, the use of ultrasound in the medical profession has become a common occurrence. As a result, many medical schools are considering an ultrasound curriculum for first-and second-year medical students. The question posed by many of these programs is how much time and effort are required to establish such a curriculum. We at the University of Colorado School of Medicine sought to quantify the resources and time required.
I
n recent years, ultrasound has seen widespread adaptation in the clinical setting as it is a safe and efficient clinical tool for many different scenarios. 1 This increased use has led many medical schools to begin adopting an ultrasound curriculum into the preclinical years of education. [2] [3] [4] The incorporation of ultrasound into the medical school curriculum has been further fueled by multiple factors, such as understanding that ultrasound enhances preclinical understanding of anatomy, [3] [4] [5] physiology, 6 and physical examination maneuvers. 7 Students exposed to an undergraduate medical education ultrasound curriculum not only benefit during their preclinical years but also gain valuable experience for residency, as literature has demonstrated that exposure during medical school improves the ultrasound proficiency of residents. 8 In fact, a 2012 survey of US MD-granting medical schools indicated that most schools (78.9%) thought that ultrasound training should occur during undergraduate medical education. However, only 62% included any form of ultrasound education in their curriculum. 9 Similarly, a survey of more than 60 institutions found that 90% of faculty agreed that ultrasound positively contributed to learning anatomy, yet only 36% of the programs incorporated ultrasound into training. 10 A lack of financial support was the most-cited reason that medical schools did not implement an ultrasound program. 9 As a result, schools are more dependent on instructor volunteerism to meet their ultrasound curriculum's personnel needs. Efforts to reduce the amount of faculty time involved in ultrasound education during undergraduate medical education have included the use of fourth-year students as instructors, as well as residents and fellows. 2, 11 As ultrasound has become more incorporated into medical practices across the country, the need to establish an ultrasound curriculum in undergraduate medical education has become increasingly important. Nonetheless, even with a general consensus that ultrasound imaging is an important skill to teach medical students, there have been very few studies detailing the instructor resources needed to implement a curriculum. 9 We sought to quantify the personnel resources necessary for a preclinical ultrasound curriculum. By describing our experience with the quantity and type of instructors needed to successfully implement a preclinical ultrasound curriculum, we hope to inform programs of what is entailed in this endeavor.
Materials and Methods

Study Design
This cohort study was approved by the University of Colorado Institutional Review Board.
Study Setting and Population
The study population consisted of instructors who participated in the University of Colorado School of Medicine ultrasound curriculum during the 2014-2015 academic year.
The University of Colorado School of Medicine initially integrated ultrasound into the preclinical curriculum in 2011 in conjunction with teaching physical examination skills. The curriculum was divided between the 2 years, with first-year students learning cardiac and pulmonary systems and second-year students learning ocular, abdominal, musculoskeletal, and vascular systems. This format paralleled didactic sessions teaching the physical examination for each body system.
In 2014, the ultrasound curriculum was formally included as a longitudinal track in the overall School of Medicine curriculum. At that point, the first-year ultrasound curriculum was changed to an anatomy and physiology-based format, and the second-year curriculum became an introduction to a focused clinical ultrasound application elective. There were 184 students in the firstyear curriculum and 39 in the second-year curriculum during the study period.
Study Protocol
The ultrasound curriculum uses a flipped classroom format. Students are given access to an iBook (Apple Corporation, Cupertino, CA) covering the didactic content before each scanning session. Students do not submit images for review during the curriculum, as they are graded solely on attendance and participation.
Scanning sessions for the first-year curriculum cover the following: (1) basic principles and imaging techniques; (2) musculoskeletal anatomy; (3) cardiovascular anatomy; (4) abdominal anatomy; and (5) head and neck anatomy. There is an additional scanning session covering cardiovascular physiology.
Each hands-on ultrasound session is 2 hours in length, and there are 8 groups scanning simultaneously during each session. The groups are composed of 5 or 6 students with a single instructor, and they are scanning on a single ultrasound machine. To accommodate 184 students, there are 4 periods scheduled for each ultrasound scanning day. The curriculum is summarized in Table 1 .
Scanning sessions for the second-year curriculum are oriented toward clinical applications of ultrasound and cover the following: (1) introduction to clinical ultrasound; (2) focused assessment with sonography for trauma; (3) the focused abdominal examination; and (4) cardiovascular and lung examinations. Each hands-on ultrasound session is 2 hours in length, and there are 8 groups scanning simultaneously during each session. The groups are composed of 4 or 5 students with a single instructor, and they are scanning on a single ultrasound machine. The student image quality is assessed in real time by the individual instructors. Instructors demonstrate the image acquisition technique on a model, and then the students attempt to obtain a similar image. The instructor assists the students as needed, but it is generally a "hands-off" teaching approach, affording students the opportunity to attempt to capture the image with verbal guidance. To accommodate 39 students, there is 1 period scheduled for each ultrasound hands-on day. This curriculum is summarized in Table 2 .
Instructors for the hands-on ultrasound sessions were composed of faculty, fellows, residents, and fourthyear medical students from the Denver Health Medical Center, the University of Colorado Hospital, or the University of Colorado School of Medicine. They were invited to serve as instructors through their respective hospital or school e-mail accounts. Faculty, fellows, and residents were recruited from the specialty fields of emergency medicine, internal medicine, family medicine, anesthesia, critical care medicine, cardiology, orthopedics, and radiology. All of these faculty members were volunteers, were not paid by the university, and were not provided financial incentive. Students serving as peer instructors were fourth-year medical students who completed a clinical ultrasound elective and performed instructional sessions independent of the faculty. These students took a 4-week elective, during which they scanned in the emergency department for a minimum of 20 hours each week and obtained at least 75 scans per week. Their scans were recorded and reviewed with the course directors. They were provided feedback about the technical quality of the examinations and relevant anatomy and pathology. On completion of the course, these students were invited to participate as peer instructors for the first-and second-year medical students. 11 All instructors (both peer and faculty) were provided with a written set of course objectives to help prepare for the sessions. These objectives detailed the anatomic and sonographic findings that needed to be taught during the sessions. 11 Each instructor was provided with the same prescanning material (iBook) that the students were using. An online instructional video was also provided to each facilitator to provide visual examples of transducer placement/orientation and to provide examples of the sonographic anatomy. 11 The instructors also attended a mandatory 1-hour orientation, during which they had the opportunity to practice transducer placement and could be supervised by the course directors. 11 On completion of the course, students were asked for their feedback and were asked to evaluate the course. The evaluation used a Likert scale and asked students to record responses to 5 individual questions. All students were required to complete the evaluation as part of their participation grade, and the evaluations were anonymous. The purpose of the evaluation was to determine the satisfaction of students with the ultrasound curriculum and whether they viewed the course as beneficial to their learning.
Measures
A scanning session was defined as an instance of instructor involvement in teaching. These sessions varied from 2 to 8 hours in duration, depending on instructor involvement in morning or afternoon teaching.
Instructional hours, hereafter referred to as "hours," were defined by time spent on-site with students present. Time spent preparing for sessions, on breaks, and commuting to and from the educational site from clinical obligations was not included in the analysis.
The highest level of training completed by each instructor determined instructor classifications. Specialty designations were determined on the basis of physician board certification, using publicly available profiles from University of Colorado School of Medicine-affiliated hospitals.
Data Analysis
Data collection was completed by using faculty scheduling and tracking forms throughout the 2014-2015 
Results
Of the 184 first-year medical students who completed the anatomy course, all 184 participated in 6 days of ultrasound didactics during the year. Over these 6 days, there were a total of 194 individual scanning sessions, and 24 different facilitators were used to run the sessions. Of these 24 facilitators, 9 were faculty; 8 were residents; 4 were ultrasound fellows; and 3 were fourth-year medical students. Analysis of the data indicates that of the 194 different scanning sessions, faculty members assisted with 74 sessions (Figure 1 ). Of these 74 sessions, a total of 148 hours were devoted by faculty to conducting the scanning sessions ( Figure 2 ). Further analysis of the data revealed that ultrasound fellows facilitated 56 sessions (Figure 1 ) over the 6 days of ultrasound didactics and provided a total of 112 hours (Figure 2 ) of educational time. Fourth-year medical students assisted with 40 sessions (Figure 1 ) for a combined total of 80 hours (Figure 2 ), whereas residents assisted with 24 of the sessions (Figure 1 ) for a total of 48 hours (Figure 2) .
Of the 39 second-year medical students who participated in the ultrasound elective, all 39 completed 5 days of ultrasound didactics during the year. For the secondyear curriculum, there were a total of 42 individual scanning sessions, and 19 different instructors assisted with the sessions. Of these 19 instructors, 8 were faculty; 6 were fourth-year medical students; 3 were fellows; and 2 were residents. Analysis of the data revealed that the 8 faculty members assisted with a combined total of 19 scanning sessions (Figure 3 ) and 38 hours of educational time (Figure 4) .
Of the remaining sessions, fourth-year medical students facilitated 15 sessions (Figure 3 ) for a total of 30 hours (Figure 4) . Meanwhile, ultrasound fellows conducted 6 scanning sessions (Figure 3 ) over a total of 12 hours (Figure 4) , and residents assisted with 2 sessions (Figure 3 ) over a total of 4 hours (Figure 4) .
In examining the amount of time volunteered by faculty members, based on specific specialty, it was found that emergency medicine physicians assisted with 104 hours of scanning time, whereas family medicine Siegel-Richman and Kendall-What Does It Take to Implement an Ultrasound Curriculum? physicians performed 42 hours of scanning time, and radiologists helped with 30 hours of scanning time ( Figure 5) .
In a further breakdown of the contributions made by faculty, we found that in the first-year curriculum, the average number of sessions that each instructor facilitated was 9.89 (SD, 6.1), with a median of 9. Furthermore, facilitators attended an average of 3.1 days (SD, 1.64 days) to perform these sessions, with a median of 3 days. Meanwhile, in the second-year curriculum, the average number of sessions that each instructor facilitated was 4.22 (SD, 2.15), with a median of 4 sessions. To facilitate the second-year sessions, instructors assisted an average of 2.11 days (SD, 1.08 days), with a median of 2 days.
Results of the student feedback and evaluations showed that more than 90% thought that ultrasound is relevant to their current educational needs, and nearly 80% thought that it advanced their ability to learn anatomy. Ninety-five percent of students stated that ultrasound is a valuable tool that they will one day use in their future medical practices, and 87% thought that it should continue to be incorporated during the first year of medical school.
Discussion
A major benefit of introducing a preclinical ultrasound curriculum is that it not only prepares students for the use of ultrasound as clinicians but also provides a more well-rounded educational approach to anatomy and is highly valued by students. 12 Nonetheless, ultrasound has yet to be integrated into most medical schools during the preclinical years. 9 One of the most commonly cited reasons for a lack of an ultrasound curriculum is cost and the number of available faculty. 9 Although the number of instructors required to establish an ultrasound curriculum will undoubtedly vary among medical schoolsbased on a number of factors, including class size, available machines, room availability, and others-we have found that 24 instructors are needed to implement a curriculum for a first-year class size of 184 (with 184 students and 8 groups scanning at once, this comes out to be 184/8 5 23 instructors, with an extra available substitute). This number equates to approximately 1 instructor for every 8 students for each day that scanning sessions are performed. The important variables to consider in the calculation are the number of machines we used (8) , number of students per session (5 or 6), and number of sessions that were scheduled during the preclinical years (11) . With each day consisting of 8 hours of scanning, there is a total of 88 hours of scanning per year per station, and a total of 484 hours of scanning are taught within a single academic year to first-and secondyear medical students combined. With groups of 5 or 6 students and 88 total hours of scanning per station, each individual student obtains 14 to 18 hours of hands-on scanning time in the preclinical curriculum; however, there are not additional scanning times for students outside the designated sessions.
One of the keys to helping maintain lower costs and requiring fewer faculty is the use of peer instructors. By recruiting fourth-year medical students to assist in ultrasound scanning sessions, we were able to gain an additional 114 hours of teaching that would have otherwise been taught by faculty, fellows, or residents. Not Siegel-Richman and Kendall-What Does It Take to Implement an Ultrasound Curriculum? only can peer instructors help drive down the total cost, but they also have been shown in previous studies to be equally effective in teaching students. 11, 13, 14 Not only do peer students help in driving down the cost of starting a new curriculum, they also help address a widespread problem throughout US medical schools: volunteer facilitators. Over the years, it has become more difficult for medical schools to find clinicians who are willing to sacrifice time away from their clinical duties to teach current medical students. This issue has not only been present in the clinical setting but has also been experienced in the preclinical years of undergraduate medical education. Previous studies have identified that most preceptors are reluctant to teach medical students because they believe it to be burdensome and to lead to lost revenue. 15 In particular, physicians have stated that when they give up time to educate student physicians, they are forced to work longer days and see fewer patients. 16, 17 In the past, physicians have been more willing to teach because of the benefits and prestige associated with affiliations to academic medical centers; however, in recent years, this prospect has become less appealing to them. 17 Previous publications have addressed these issues, and in one such study, faculty members received reimbursement based on their teaching efforts. 18 Although this strategy was successful when implemented in the clinical study, it may not be as feasible in undergraduate education because of financial constraints of medical schools.
Interestingly, the greatest number of volunteers were associated with the field of emergency medicine. There are a number of reasons for this predominance. First, the course director's specialty is emergency medicine, so there may have been easier access to faculty and trainees in his department. Second, emergency physicians are using ultrasound with greater frequency nationwide, 19, 20 so the percentage of physicians within this specialty who use ultrasound may be greater than others. Third, the nature of clinical ultrasound examinations performed by emergency physicians implies that they both perform and interpret the examinations they conduct in a clinical setting. This type of ultrasound expertise makes them ideally suited to teach medical students, since they are familiar with the technical aspects of performing ultrasound examinations. The finding of a substantial amount of volunteers from within the specialty of radiology was not surprising, as they have the greatest exposure to ultrasound; however, it was surprising to find a substantial amount from the family medicine specialty. In a recent study, it was found that of 224 family medicine residencies, only 2.2% had an established ultrasound curriculum, but 29% had started a program within the previous year. 21 As such, it would appear that the individual faculty members volunteering their time to teach scanning sessions likely mirrors the use of ultrasound within the respective specialties.
Limitations
One of the major limitations of this study was the inability to develop objective outcome data with regard to peer teaching versus faculty teaching. Although previous studies have concluded that student evaluations rate peer instructors as equally effective as faculty instructions, 11 there have not been studies that objectively measures the competency and skills obtained by the students. Ideally, it would be beneficial to develop a standardized means to analyze the amount of knowledge retained by students in the peer-led groups compared with faculty-led groups.
It is important to acknowledge that a lack of continuity could have affected student performance. Instructors were not required to participate in more than a single session, which resulted in an increased number of instructors, and we did not make efforts to pair the same facilitators with the same group every time. Some groups of students were taught by the same facilitator, and other groups had a different instructor for each session. The need for maintaining continuity with preceptors has been recognized as a growing issue in medical school. 22 This need has been further supported by studies analyzing the satisfaction of students in longitudinal integrated clerkship models, in which students from these models rated faculty performance as being superior to traditional clerkship models. 23 Furthermore, we did not track evaluations of preceptors based on the number of sessions they assisted with; therefore, we cannot definitively state whether a lack of instructor continuity was viewed negatively by the students. As such, one recommendation for future changes to the ultrasound curriculum might be to ensure that groups of students are provided with an opportunity for continuity with their preceptors.
Another limitation of this study was the lack of evaluations of different curricula and teaching models. Although we have explained the composition of our curriculum, we are currently unable to compare this model with other teaching models and styles. We have successfully found a way in which to limit the number of instructors required, while maintaining student focus and interest, but we have not attempted other models of teaching. It is possible that students would be able to learn as effectively in a large lecture hall, although other studies have suggested students learn best in smaller groups. 24 In addition, we have not analyzed the use of Web-based lectures and scanning sessions as possible means of teaching students.
It is also important to address the limitations in our mathematical approach to the number of teachers we claim are necessary to establishing an ultrasound curriculum. In our study, we were operating under the assumption that groups of students at other medical schools would be limited to 8 students per group, and we also operated under the assumption that the same facilitators would run all of the ultrasound sessions. However, within our own curriculum, we found that the latter was not the case. Rather, there were some instructors who were only able to assist with a single session and others who could help with multiple sessions. It is therefore important to take into account the total number of sessions that a school will perform when negotiating the amount of instructors necessary for the curriculum. Along these lines, we also found a limitation arose when attempting to calculate the precise number of hours required of teachers. Since some of the facilitators were experienced and had taught ultrasound imaging to medical students previously, whereas others were novice teachers, the amount of preparation for each session was variable. It was for this reason that we chose only to include time spent directly in educational performance, as this parameter was a number that we thought could be directly assessed, whereas preparation will always be variable according to teacher experience.
Conclusions
We have described the number of hours and instructors required to implement an ultrasound curriculum for undergraduate medical education. With the use of peer instructors, it is possible to decrease the number of faculty needed and therefore also provide a more costeffective means of running the curriculum.
